The purple coneflower (Echinacea purpurea (L.) Moench) is one of the most promising medicinal plants in Lithuania. More than 200 biologically active substances, and the most important components among themphenolic acids, including chicoric acid are accumulated in the medicinal plant raw material. Moisture content of purple coneflower raw material can reach up to 80% just after harvest, thus different drying technologies are used to reduce moisture content and this process involves losses of bio-active substances. An experimental comparative research was carried out to determine the influence of preparation and drying methods of purple coneflower for drying process and quality. It was found that weight of purple coneflower stems accounted for 48.7% of the total plant weight and they formed the largest above-ground part of a plant, which was by 1.5 and 2.6 times higher than the weight of leaves and flowers, respectively. In flowers, leaves and stems of purple coneflower, phenolic acids constituted the biggest part of phenolic compounds. The distribution of phenolic acids in different above-ground plant parts was from 64.66 ± 3.23 to 92.08 ± 4.60 mg g d.m.
Introduction
In recent decades, throughout Europe, including Lithuania, consumption of plants with healing and aromatic properties is gaining popularity in everyday life (Mačkinaitė, 2011) . Their physiological and healthrelated properties depend on the composition and amount of biologically active substances present within plant cells. The most important biologically active substances are phenolic compounds (simple phenols, flavonoids, phenolic acids, coumarins, tannins, lignins, etc.), alkaloids, glycosides, essential oils, ferments, organic substances, vitamins and macro-and micro-elements. Amounts of the substances accumulated in a plant depend on the plant genotype, climatic and growing conditions, chemical composition of the soil (Diatta et al., 2014) ; harvesting time, plant age and medicinal raw material preparation and drying technologies have a strong influence on the amount as well (Müller, Heindl, 2006; Sárosi et al., 2013; Argyropoulos, Müller, 2014) .
More than 460 naturally growing and introduced medicinal-aromatic plant species are used in Lithuania (Ragažinskienė, Rimkienė, 2003; Raila et al., 2009; Zvicevičius et al., 2013) . One of the most popular medicinal plants is purple coneflower. It originates from North America and is widespread in its Central and Eastern parts (Dambrauskienė, 2006; Mistríková, Vaverková, 2007) . Purple coneflower was brought to Europe at the end of the 17 th century and has been grown in Lithuania since the 1960s (Dambrauskienė, 2006) . The total area of the world's industrially grown purple coneflower fields comprises a few thousand hectares (Abbasi et al., 2007) . There are no natural purple coneflower growing places in Lithuania. Purple coneflower readily adapts to the predominant seasonal weather patterns, overwinters easily and can be grown in the same place for even up to seven years (Dambrauskienė, 2006; Raila et al., 2014) . All above-ground and underground parts of the plant are used as medicinal raw material. Literary sources indicate that purple coneflower accumulates up to 216 different components of biologically active substances (Murch et al., 2006; Abbasi et al., 2007) . The most
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The quantity of biologically active substances in purple coneflower as influenced by the preparation methods and drying technologies common biologically active substances are alkamides, derivatives of caffeic acid (chicoric acid), flavonoids, polysaccharides, lectins, essential oils (Lin et al., 2011; Tsai et al., 2012) . The purple coneflower grown in Lithuania is characterised by a generous amount of chicoric acid, its amount in plants could reach up to 4.72% (Raila et al., 2014) . More than 70 different purple coneflower preparations are produced in Europe for the prevention or treatment of various allergic, autoimmune and cancerous diseases (Dambrauskienė, 2006; Abbasi et al., 2007; Lin et al., 2011) . After harvesting, purple coneflower as well as other herbaceous medicinal plants is characterized by a high moisture content, which can be higher than 80% (Lin et al., 2011; Zvicevičius et al., 2013) . In medicinal plant raw material of such moisture content favourable conditions for the activity of micro-organisms, as well as for the degradation of bio-active substances are formed (Prickett et al., 2000; Lugauskas et al., 2002) . In order to suppress the biochemical processes and the growth of micro-organisms, medicinal plant raw material should be dried.
During drying of the plant raw material, considerable amount of water is evaporated; weight of the material is reduced, while at the same time its transportation and storage costs are reduced. However, along with it a part of biologically active substances is lost (Arabhosseini et al., 2007) . Regardless of the species of a medicinal-aromatic plant, its morphological part or purpose, it is indicated that drying of medicinal-aromatic plants, which accumulate non-volatile active substances, is recommended at 50-100°C (Müller, Heindl, 2006) . After drying the purple coneflower at a temperature of 40-70°C, it was determined that the higher temperature of drying agent increased losses of phenolic compounds, as well as losses of chicoric acid (Kim et al., 2000; Stuart, Wills, 2003; Lin et al., 2011) . Many researchers have analysed various drying methods used for purple coneflower: freeze-drying, vacuum microwave and convection drying (Kim et al., 2000; Stuart, Wills, 2003; Lin et al., 2011) . However, we lack more detailed data on the influence of methods of the medicinal plant raw material preparation for drying and time of drying on the biologically active substances.
The aim of the research is to carry out a comparative study and to identify the influence of purple coneflower's (Echinaceae purpureae (L.) Moench) preparation for drying on the drying process and preservation of its quality.
Materials and methods
The above-ground part of purple coneflower, grown in the Vytautas Magnus University Botanical Garden in the collection of medicinal plants and spice herbs, was used in the research work. The medicinal plant raw material was harvested in 2012 and 2013 in the second half of July. The harvested purple coneflower herb was separated into blossoms, stems and leaves. Three samples (each weighting 4 kg) were taken from each separated morphological part of a plant.
Study on the drying. The study was carried out in 2012-2013 at a laboratory of the Institute of Energy and Biotechnology Engineering, Aleksandras Stulginskis University. At the beginning of the drying study, moisture content of medicinal plant raw material was determined in accordance with Lithuanian standard LST 1530:2004. For determination of moisture content 8 samples were randomly taken from different places of mound, and before and after drying their weight was recorded using scales SC ALTEC SPO 51 (Scaltec Instruments GmbH, Germany), accuracy ± 0.01 g. The samples were dried for 24 hours at 105°C in the oven Memmert UPF 700 (Memmert GmbH, Germany) .
Study on the drying of an elementary layer. Samples of whole leaves, flowers and stems, sliced into chunks of 248 ± 7 mm length on average were taken for the experiment with three repetitions. Part of the flower and stem samples had been additionally prepared for the experiment: flowers were crushed, while stems were crushed or chopped to 22.1 ± 0.7 mm particles. The test samples were spread in a thin layer on the special 2 × 2 mm mesh boxes (181 × 268 × 31 mm), thus an elementary layer for drying was formed, i.e. one layer per one part of the product. The prepared herbal raw material was dried in the oven Memmert UPF 700 at 39.9 ± 0.26°C with the internal air circulation inside a chamber and outside air circulation between the chamber and environment. The intensity of outer air circulation was 18.1 volumes of the chamber per hour. Weight of dried samples and air parameters in the oven were recorded every 2-4 hours during drying.
Drying in a thick still layer. The prepared raw material of purple coneflower was dried by active ventilation; temperature of heated ambient air was 44.8 ± 1.5°C and relative humidity -65.2 ± 3.8%. On the basis of recommendations (Raila et al., 2009; Čiplienė et al., 2015) , an average comparative ventilation intensity equal to 4100 ± 550 m 3 (t h) -1 was maintained during the experiment. The drying experiment was conducted on a special test-bench with three drying containers, i.e. in ventilated cylinders 180 mm diameter and 1050 mm height (Fig. 1) . Vol. 102, No. 3 (2015) 299
For the drying conditions and drying process recording temperature and relative humidity sensors AHLBORN FH A646 (Ahlborn GmbH, Germany), accuracy of temperature measurement ±0.1°C, for humidity ±2%, were positioned in the air manifold and in ventilated containers: at the bottom of a container (5-10 cm above the bottom of a herbal raw material layer) and at the top (5-10 cm below the top of the herbal raw material). The first ventilated container was filled with flowers of the purple coneflower, the second with chopped stems and the third with leaves. The drying containers were weighed periodically, every 6-8 hours, four times per day using scales VB 150K20 DLM (Kern & Sohn GmbH, Germany). Weight variation of the medicinal plant raw material was monitored during the drying process.
Intensity of ventilation was controlled and velocity of air flow through the herbal raw material was measured with a thermo-anemometer Omegaflo HH-600, model 615 M ("Omega", USA), accuracy ± 0.1 m s -1 . Biochemical analysis. The biochemical research for quality on dried medicinal plant raw material was carried out at Instrumental Analysis Laboratory, Vytautas Magnus University. Moisture content of all herbal raw material test samples was estimated according to a method, described in the European Pharmacopoeia (2014) (Ph. Eur. 2.2.32). The sample extracts were prepared from the test medicinal plant material, 0.5 g (accuracy 0.001 g) of minced raw material were extracted in 20 ml of 75% methanol solution with an orbital shaker for 24 hours, shaking intensity was 200 times per minute. The extracts derived were filtered with membranous filter, pore size 0.2 μm.
The total phenolic content was determined using a slightly modified Folin-Ciocalteu method (Singleton, Rossi, 1965) . In 1052.4 ml of bi-distilled water 35.08 g of dry sodium carbonate was dissolved. Standard solution of rutin (0.01-1.00 mg ml -1 ) was used (R 2 = 0.982) for calibration of a diagram 100 μl of sample extract was mixed with 3000 μl of sodium carbonate solution (3.3%). Samples were inverted two times and mixed with 100 μl of Folin-Ciocalteu reagent (2 N); after 30 min of incubation at room temperature, absorbance was measured at 760 nm using a spectrophotometer Spectronic 1201 ("Milton Roy", USA). For the control sample 75% methanol was mixed with sodium carbonate and Folin-Ciocalteu reagent solution instead of medical raw material extract. Analysis was conducted in the same conditions.
Total flavonoids content was evaluated according to a modified spectrophotometric assay using aluminium chloride method (Mabry et al., 2012) . Stock reagent solution was prepared from 60 ml of methanol (100%), 3 ml of acetic acid (33%), 12 ml of hexametylentetramine (5%), 9 ml of aluminium chloride (10%) and 60 ml of bi-distilled water before analysis. The calibration curve was prepared using standard solution (0.01-1.00 mg ml -1 ) of rutin (R 2 = 0.999). 80 μl of sample extract was added to 1920 μl of stock solution (+4°C) for the analysis. It was inverted two times and after 30 min of incubation in +4°C temperature absorbance was measured at 407 nm. The total flavonoids content (TFC) was expressed as mg rutin equivalent (RE) per 100 g of dry material (d.m.). For control sample 75% methanol was mixed with initial solution of reagent instead of medical raw material extract.
Radical scavenging activity was determined by using DPPH (2,2-diphenylpicrylhydrazyl) radical scavenger capacity method (Brand-Williams et al., 1995) . The 100 mM buffer solution (pH 5.5) was prepared for analysis -3.402 g sodium acetate was dissolved in 250 ml bi-distilled water. The acidity of solution was adjusted with 33% acetic acid. Initial DPPH solution was prepared after dissolving 10 mg DPPH in acetonitrile and by adding 125 ml methanol. This solution was mixed with 250 ml of sodium acetate buffered solution and its absorbance was measured at 515 nm. Absorbance was adjusted exactly to 0.500 AU (absorption units) using buffered solution:acetonitrile:methanol (2:1:1) and was kept in the dark. The calibration curve was prepared using standard solution of rutin (0.05-0.25 mg ml -1 ). Sample extract (77 μL) or rutin solution was mixed with 3000 μL of DPPH reagent solution and was inverted two times. After 15 min of incubation at room temperature in the dark, the absorbance was measured at 515 nm. For control sample 75% methanol was mixed with initial solution instead of medical raw materials extract. Analysis was carried out in the same conditions.
Determination of chicoric acid. Additionally chicoric acid was determined in a thick still layer of dried raw materials. Reversed-phase high performance liquid chromatography (HPLC) system with reaction detector was used. Two chromatograms were recorded simultaneously. The upper chromatogram was obtained by registering UV absorbance at 254 nm of wave length prior to the reaction; a mirror chromatogram was recorded on visible light field at 517 nm after the reaction of effluent with DPPH solution in the reaction coil. Component A -0.05% trifluoroacetic acid was mixed with distilled water; component B -0.05% trifluoroacetic acid was prepared in methanol. Standard of chicoric acid was used, concentration: 0.1 mg ml -1 75% in methanol. Extracts of samples were filtered through membranous 0.2 μm filter. Components A and B were supplied using a pump Varian 9012 model ESC ("Varian", USA). Samples of 10 μl were injected using Perkin Elmer Series 200 LC AutoSampler ("Norwalk", USA) auto injector. For analysis reversed-phase LiChroSpher RP-18e ("Merck", Germany), 5μm 12.5 × 0.4 cm column and 0.5 × 0.4 cm precolumn were used (Kaškonienė et al., 2011) .
Statistical analysis. All results were based on three or more replicates. One-way analysis of variance (ANOVA) was performed with MS Excel to analyse the data. Significant difference (p < 0.05) between various preparation methods was determined with Fisher's LSD range test.
Results and discussion
In our previous research it was found, that weight of woody, rigid and branched in the upper third part stems accounted for 48.7 ± 3.39% of the total weight of purple coneflower above-ground part, height of stems 300
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reached to 813 ± 117 mm, and the diameter of a stem in the thickest part was 6.95 ± 1.1 mm. Alternate-leaved, egg-lancet-shaped leaves are located on the stems; their length is 111 ± 32 mm and width at leaf widest point -56 ± 10 mm. The leaves accounted for 32.5 ± 2.46% of weight of the yield. Weight of flowers formed the smallest aboveground part of plants -18.82 ± 3.23% (Zvicevičius et al., 2013) . Flowers showed large dimensional scattering: the diameter and height of their receptacles varied from 14.2 to 36.0 mm and from 9.2 to 33.3 mm, respectively. Original moisture content of the individual morphological parts of purple coneflower was different. Moisture content of leaves was the highest -79.25 ± 2.09%, moisture content of flowers was slightly lesser -78.39 ± 1.72% and the lowest in stems -68.18 ± 1.7%. In the course of drying of the separate morphological parts in elementary layer at 38.8 ± 0.28°C, drying of leaves was the fastest: up to 10% moisture content in 19.5 hours (Fig. 2) . Whole stems and flowers had reached the same moisture content through 2.3 times longer period, approximately after 45-47 hours. Even though the diameter of flowers was higher than that of whole stems, flowers dried more intensively and evenly. The average drying rate of flowers was 1.74% h -1 and of the whole stems -1.52% h -1 . (Fig. 3) . The influence of mechanical impact was particularly evident in the stems' drying process; their drying time reduced by more than twice. Different methods of the purple coneflower preparation -crushing and chopping had no significant effect on the drying time, even though it had influence on colour of stems. The crushed stems lost their natural bright green colour and browned. Damages of plant cells created favourable conditions for the chlorophyll oxidation (Toivonen, Brummell, 2008) . Changes in colour were not observed in mass of chopped stems. Flowers were only crushed for the experiment. Their drying time reduced as well, from 44.3 to 36.3 hours. The crushed flowers drying time became 8 times shorter. Although crushing had a huge impact on drying time of flowers, it was three times shorter compared with stems which had been processed mechanically. Hence mechanical processing had a smaller influence on the drying process of flowers compared with stems. The difference between reductions of drying time was more than 3 times lesser compared with drying time of crushed and uncrushed stems. In the course of drying of chopped purple coneflower stems, leaves and flowers in a thick still layer, at a temperature of drying agent 44.8 ± 1.5°C, relative humidity 65.2 ± 3.8% and at average comparative ventilation intensity equal to 4100 ± 550 m 3 (t h) -1 , drying time of chopped stems was the shortest -29.5 hours (Fig. 4) . Their moisture content decreased from 77.1 ± 0.98% to 13.99%.The purple coneflower leaves, characterised by the fastest change of moisture content in an elementary layer, dried the longest in a thick layer from 79.1 ± 0.38% to 22.71 ± 1.37% almost during four days. Similar flower and leaf drying time proportion was found by other authors, drying time of leaves was about 30% longer compared with drying time of flowers (Lin et al., 2011) . However, ventilation which was used by the mentioned authors while drying stems in dryer was not very effective. According to their results, the longest drying time 41 hours was for 4 cm chaff of stems (Lin et al., 2011) . While drying in an actively ventilated layer it only took 21 hours. Vol. 102, No. 3 (2015) 301
Leaves dried longer in a thick still layer because of the processes in a bulked layer: height and porosity of a heap decreased. Conditions of drying agents flow in a layer of herbal raw material and intensity of the moisture exchange processes changed because of changes in the mound. The minimum variation in the height of the bulked layer (29.3%) was recorded in the layer of chopped stems (Fig. 5) . The height of layers with leaves and flowers decreased by 56.97% and 54.58%, respectively. Because of close to a ball and relatively firm shape of receptacles, the flowers had retained the porous bulked structure and more favourable conditions for distribution of drying agent; whilst flat shape of leaves resulted in squeeze of a layer, low porosity, poor aeration conditions in the layer and in long drying time. Evaluation of the quality of dried purple coneflower plant raw material showed that the highest phenolic compounds content was in the flowers, dried in an elementary as well as in a still thick layer (Table) . The lowest content of phenolic was found in stems. Likewise, a similar trend was determined by other scientists, involved in purple coneflower studies; the content of phenolic for leaves increased compared with stems but decreased compared with blossoms (Lin et al., 2011) . The study results showed that drying in an elementary layer was more favourable for the preservation of phenolic. Their content in flowers and leaves was higher in comparison with the samples dried in a thick still layer. This was the result of different drying time: by drying up flowers and leaves in an elementary layer, their drying time was by 1.57 (25.17 hours) and 4.65 (71.83 hours) times shorter, respectively than by drying in a thick still layer.
Phenolic compounds, found in the above-ground parts of purple coneflower, are assigned to two large groups: flavonoids and phenolic acids. Phenolic acids made up the biggest part of phenolic found in the test samples. In herbal raw material dried in an elementary layer, the acids amounted to 90% of the total content of phenolic compounds, whilst in a thick still layer -more than 71%. This was confirmed by the results obtained by Wojdyło et al. (2007) . They stated that phenolic acids formed the main part of phenolic compounds in purple coneflower. The most important compound in this group is chicoric acid (Lin et al., 2011) . Its amount in flowers, leaves and stems, dried in a thick still layer was 24.08 ± 0.6, 11.14 ± 0.36 and 8.48 ± 0.04 mg g -1 , respectively.
Although the concentration of flavonoids in purple coneflower is not high, smaller quantities of flavonoids were found in medicinal plant raw material after process of drying in an elementary layer. Overdrying of the purple coneflower morphological parts could have an influence on that. Moisture content of the purple coneflower dried in an elementary layer was 4-6% lesser compared with that of the purple coneflower dried in a thick still layer. Moisture content of flowers, leaves and chopped stems in an elementary layer was 5.22 ± 1.84, 3.74 ± 1.03 and 4.54 ± 0.46 %, respectively. In addition, in the course of drying in an elementary layer, contacts between the surface of herbal raw material and air flow were more intensive than by drying it in a thick still layer.
It is suggested in literary sources that flavonoids are relatively resistant to heat; however, they are sensitive to the oxidation effects (Barrett et al., 2010) , and therefore the excessive ventilation is destructive to the flavonoids.
It was determined by spectral-photometric research that different preparation for drying of the purple coneflower flowers had no significant effect on flavonoids content (Fig. 6) . The quantity of phenolic content and phenolic acids in crushed flowers was 0.2 times lower compared with healthy flowers. Total content of phenolic and phenolic acids in crushed flowers was 83.3 ± 4.2 and 74.7 ± 3.7 mg g d.m.
-1 RE, respectively. Higher radical scavenging activity was determined in crushed flowers (47.78 ± 2.39 mg g d.m.
-1 RE) than in
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-1 RE). This could be the result of losses of the biologically active substances with different antioxidant activities that occurred during drying. Each of the biologically active substances has different antioxidant activity (Javanmardi et al., 2003; Hossain et al., 2010) . More extensive research should be conducted in order to evaluate the influence of drying conditions on antioxidant activity of the medicinal plant raw material. Table; columns marked with same letter are not significantly different at P ≤ 0.05. -1 RE) was determined in stem samples dried in an elementary layer regardless of the preparation method. However, the mechanical preparation for drying had a direct influence on contents of phenolic and phenolic acids in the purple coneflower raw material (Fig. 7) . Table; columns marked with same letter are not significantly different at P ≤ 0.05. Figure 7 . The influence of raw material preparation on the quantity of biologically active substances As was mentioned above, duration of drying of crushed and chopped stems decreased by more than twice. This resulted in approx. 30% higher total phenolic and phenolic acids contents in raw material: their maximum content was found in crushed stems -21.75 ± 1.09 and 21.72 ± 1.09 mg g d.m.
Note. Explanations of abbreviations under

-1 RE, respectively. The contents of phenolic and phenolic acids in chopped stems were found to be: 20.99 ± 1.05 and 20.96 ± 1.05 mg g d.m.
-1 RE, respectively. Mechanical processing of the morphological parts of purple coneflower accelerates drying and improves the quality of the raw material.
Conclusions
1. Stems and flowers, which are rigid morphological parts, of a harvested purple coneflower plant form a porous bulk layer with a stable structure that leads to more favourable drying conditions of raw material in a still thick layer and to more intensive drying.
2. Crushing of the purple coneflower flowers reduced the drying time by 8 hours -from 44.3 to 36.3 hours and the quantity of phenolic compound and phenolic acid in crushed flowers was 0.2 times lower than in healthy flowers.
3. In the course of drying of crushed and chopped purple coneflower stems in an elementary layer at 39.9 ± 0.26°C, as compared with the whole stems, their drying time reduced from 43 to 19.5 hours, whilst phenolic content and phenolic acids content remained by 30% higher on average. The phenolic content in the whole, chopped and crushed stems was 15.23 ± 1.05, 20.99 ± 1.05 and 21.75 ± 1.09 mg g d.m.
-1 RE, respectively. 4. Phenolic acids constituted the biggest part of phenolic compounds found in flowers, leaves and stems of purple coneflower. The distribution of phenolic acids in different above-ground parts of a plant was as follows: 64.66 ± 3.23 to 92.08 ± 4.60 mg g d.m.
-1 RE in flowers, 47.46 ± 2.37 to 76.9 ± 3.85 mg g d.m.
-1 RE in leaves and 15.2 ± 1.05 to 22.99 ± 1.15 mg g d.m.
-1 RE in stems. 5. When drying individual morphological parts of purple coneflower at a temperature of the drying agent of 38-44°C in elementary layer, drying time varied from 19.7 to 91.5 hours, and in thick still layer whose height was 73 ± 8.2 cm varied from 29.5 to 91.5 hours. Drying duration of stems, flowers and leaves increased 1.45, 1.57 and 4.65 times. Drying duration lengthened by 9.2, 25.17 and 71.83 hours, respectively.
6. Mechanical processing (crushing or grinding) can be used for plant stems to increase the drying intensity and shorten the drying time as well as to preserve a greater amount of biologically active materials.
